Becmunuk Jlonckozo zocyoOapcméennozo mexnuueckozo ynueepcumema. 2019. T. 19, Ne 2. C. ISI-157. ISSN 1992-5980 eISSN 1992-6006 
Vestnik of Don State Technical University. 2019. Vol. 19, no. 2, pp. 151-157. ISSN 1992-5980 eISSN 1992-6006 





MATTIMHOCTPOEHHE HW MAHTHHOBEJIEHHE 
MACHINE BUILDING AND MACHINE SCIENCE 


YJIK 621.793 





https://doi.org/10.23947/1992-5980-2019-19-2-151-157 





CpaBHuTeJIbHad XapakKTepucTHKa NpoOcTpaHcTBeHHO-3aTpYAHeHHbIX PeHOJIOB H 


HHTPOKCHJIBHbIX PaqWKaJIOB Kak CTaOHJIH3aTOPOB OoTOAeCTPyKIHH NOMITHIeEHA 


Li. 10. 2Kykosa', H. HW. Kammapos’, C. B. Kyaepenko’, E. I. Karan’ 


1,2,3 


JJoHcKon rocyapcTBeHHbIM TexXHuYuecKuH yHUuBepcuTerT, r. Pocros-Ha-Jlony, Poccuitckaa Dezepamua 


** }OoxHO-PoccniicKnit rocyapCcTBeHHbIN MOMTexXHuYecKHi yHuBepcutert (HIM) um. M. MU. Inarosa, r. Hopoyepkacck, Poccuiickaa Deepaina 


Comparative characteristics of sterically hindered phenols and nitroxide 


radicals as stabilizers of polyethylene photodegradation a 


I. Yu. Zhukova’, I. I. Kashparov’, S. V. Kucherenko* , E. Sh. Kagan* 


‘3 Ton State Technical University, Rostov-on-Don, Russian Federation 


** Platov South-Russian State Polytechnic University (NPI), Novocherkassk, Russian Federation 


Beedenue. llonumepupte Matepuasil (IIM) Bce wipe ucnoub- 
3YIOTCA B pa3sJIM4HBIX OTPAaCcJIAX MPOMBbIMUICHHOCTH HU CeJIbCKO- 
ro xo3aiictTBa. [lon weuictBuem YO-cpeta IIM pa3pyimiarotca. 
[na 3ammTs1 IIM or dotroxectpykuuMu mpuMenstotca YO- 
craOnumu3aTopbl. Mx fevicrBue OCHOBaHO Ha TMOriolmleHun 
(POTOXHMMYeECKH AKTHBHOM KOMIIOHCHTbI COJIHEYHOrO CBeTAa 
WIM Ha WeaKTUBAallMH BO30yX%XTCHHBIX MOJICKYyJI, yKe MOro- 
THBIUMX KBaHT CBeTa, a TaKxKe Ha TOPMO2XKCHHH TeEMHOBBIX 
peak, MHYyUMpOBaHHbIx cBeToM. [lemb padoTbr — cpaB- 
HUTeIbHbIM aHasIv3 COeMHEHHM U3 pAa IpOCcTpaHCTBeHHO- 
3aTPyYAHeHHBIX (eHomoB (I13@M) u HUTPOKCHIIBHBIX payuKasOB 
(HP) B kayecTBe uHTHOUTOpOB doTorectTpykKuuH ITM. 
Mamepuaabi u memoooi. Jina uccieyqOBaHHA MCHOUb30BasIU 
peakTHBbI KBaIM@UKAaMH «4, MOJIMITHJICHOBYIO IJIeHKy 
TISBJ, B/c 15803-020. CradOunu3atop HaHOcuIM Ha IJIeHKM 
MeTOJIOM OKyHaHHa. KapOoHusIbHble Tpylibl B MOUMITHIIeHE 
olpenesramm Metoqom MK-cnextpockonun. UK-cnextpsi pe- 
TrHMCTpupoBasiu Ha WpnOope Varian-640. 

Pe3yibmamoi ucciedoeaHuad. B kayecTBe cTaOMsIM3aTOpOB 
(OTOOKHCIMTeEIbHOH JeCCTPyYKIMM TMOUMSTHIeHa MCIIbITAaHbI 
2,4,6-Tpu-TpeT-amudeHona (1), 
OyTuImeHosA (2), 
TeTpaMeTHINMNepHyHH-1l-oKcuna (3), 


2-meTusi-4,6--Tpet- 
4-alleTHJIaMHHO-2,2,6,6- 
3-KapOoKcaMn0- 
2,2,5,-TeTpaMeTHINUpposMH- 1 -oKcusia (4). 
Vi3BecTHO, 4TO Mpu OOsy4eHHU B OOpa3iax IIM B mporecce 
(boToyecTpykiiMu MetoyomM MK-cnextpockonuu dukcupyetca 
HakKOIJIeHHe KapOOHWJIbHbIX HW THPOKCHJIbHBIX rpynn. B UK- 
clleKTpax OKHMCICHHOrO MOMSTMIIeHa MOABIIAeTCA MoOOCAa 
MOriouleHua KapOoHWbHON rpynnoi mpu 1720 cm’. Anas 
VUK-cnekTpoB MoKa3bIBaeT, YTO COJep»kKaHve KapOOHWJIbHBIX 
Tpylll B KOHTPOJIbHBIX OOpa3llax 3HAYHTeJIbHO BBIIIe, 4eEM B 
oOpa3ilax, OOpadoTaHHbIX pacTBOpaMN CTAOMIM3aTOPOB. 


* uv 
PaOorta BBINOJIHeHa B paMKax HHHIMaTuBHOM HUMP. 


Introduction. Polymeric materials (PM) are increasingly used 
in various industries and agriculture. Under the action of UV 
light, PM are destroyed. UV stabilizers are used to protect PM 
from photodegradation. Their action is based on the absorption 
of the photoactive sunlight component or on the deactivation 
of excited molecules that have already absorbed a light quan- 
tum, as well as on the inhibition of dark light-induced reac- 
tions. The work objective is to provide a comparative analysis 
of compounds of the sterically hindered phenols (SHP) series 
and nitroxide radicals (NR) as the PM photodegradation inhib- 
itors. 

Materials and Methods. Reagents of the “purum” grade, 
LDPE premium grade 15803-020 polyethylene film were used 
for the investigations. The stabilizer was applied to the film by 
dipping. Carbonyl groups in polyethylene were determined by 
IR spectroscopy. IR spectra were recorded on Varian-640 


instrument. 
Research Results. 2,4,6-tri-tert-amylphenol (1), 2-methyl-4,6- 
di-tert-butylphenol (2), 4-acetylamino-2,2,6,6- 


tetramethylpiperidin-l-oxyl (3), | 3-carboxamido-2,2,5,5- 
tetramethylpyrrolin-1-oxyl (4) were tested as stabilizers for 
photo-oxidative degradation of polyethylene. It is known that 
the accumulation of carbonyl and hydroxyl groups is recorded 
in PM samples under irradiation in the process of photodegra- 
dation through the IR spectroscopy. The absorption band of 
the carbonyl group at 1720 cm | appears in the IR spectra of 
oxidized polyethylene. The IR spectra analysis shows that the 
content of carbonyl groups in the check samples is significant- 


ly higher than in the samples treated by stabilizer solutions. 
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O6cyacdeHue U 3aKlOY“eHUA. IKCHEPUMeHTHI MWOKa3aIM, 4YTO 
TydwuMU WoToctaOusM3aTopaMu TOUIMITHIICHa ABIIAKOTCA 
HUTPOKCHJIBHbIe payukasipl 3-KapOoKcamujo-2,2,5,5- 
TeTpaMeTHJINMppoMH-l-okcun u 4-alleTHIaMMHO-2,2,6,6- 
TeTpaMeTHINMNepuaAMH-1-oKcun. [Ipuuem HeT cyllecTBeHHOU 
paaqukasamu pana 2,2,6,6- 


TeTpaMeTHJINMnepHyMHa WU 2,2,5,5-TeTpameTHIMUpposmMHa. 


pa3HUUbI MO?K]LY 


IIpoctpaHcTBeHHO-3aTpyHeHHble (eHOJIbI B YCJIOBHAX POTO- 
JCCTPYKIUMN OKa3bIBalOT 3HAYNTeIbHO MeHbiliee cTaOusH3u- 
pytollee eHcTBHe, yYCTyIad HATPOKCHJIBHbIM payukKasiaM. 


Ku1ro4ueBble C10Ba: TONMSTHIIeH, POTOCTaOuIM3aTOpbI, PeHOo- 
JIbl, HATPOKCHJIbHbIe PayMKaIBl. 


Oopaszeu OA YUmMUpoéeanua: CpaBHUTelIbHad XapakTepucTu- 
Ka IIpOCTpaHCTBeHHO-3aTpyHeHHbIX (PeHOIOB WH HUTPOKCHJIb- 
HbIX PawMKaJIOB Kak CTAOWJIM3aTOPOB POTOeECTpyKIMH MOIM- 


Discussion and Conclusions. The experiments show that ni- 
troxide radicals of 3-carboxamido-2,2,5,5-tetramethylpyrrolin- 
l-oxyl series and 4-acetylamino-2,2,6,6-tetramethylpiperidin- 
1-oxyl are the best photostabilizers of polyethylene. Moreover, 
there is no significant difference between the radicals of the 
2,2,6,6-tetramethylpiperidine and 2,2,5,5-tetramethylpyrroline 
series. Sterically hindered phenols, under photodegradation, 
have a far smaller stabilizing effect, falling short of nitroxide 
radicals. 


Keywords: polyethylene, photostabilizers, phenols, nitroxide 
radicals. 
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Bpeyenne. Ilosumepupte Matepnaspi (IIM) Bce mmMpe UCHOJb3yIOTCA B Pa3JIMYHbIX OTPAacIAX IPOMBILLJICHHO- 
CTH WM cejbcKoro xo3aiictTBa. IIpu WocTaTOuHO BbICOKOM YCTOMYMBOCTH K BO3JCHCTBHIO KIIMMaTH4eCKHX (aKTOPOB pa- 
Ooune xapakTepucTuKH TIM cuypxkatoTca MO], BIIMAHHeM BJIaxKHOCTH UW TeMIIepaTypbl, a TakKxKe yiIbTpaduoueToBou (YP) 
COCTaBJIAFOMIeH CleKTpa COJIHC4HOTO H3JIYACHHA: B TOM CJlyyae B WOMMMepe OOpa3yIOTCA pasMKaJIbHble YaCTHIIbI U 
IIPOHCXOJAT TpaHCOopMalluu, KOTOPble BeYT K pa3spylieHuro Matepnasia [1, 2]. Ecum B TIM ectb mpoyykTbI ero OKHC- 
JICHHA, HAIIPUMep KeTOHBI, TO OHH ABJIAIOTCA (OTOMHUUMAaTOpaMH Mporecca pa3soxeHHA NOWMMepa. Jia 3anjuTb! [IM 
HeOOXOXHMO OOeCIIC4HTbh B3AaMMOJeEMCTBHE payMKasIOB C BbICOKOIMeKTHBHbIMH CBeTOCTaOMIH3aTOpaMH [3]. C 9ToH 
I[eIbIO MpHMeHsAoTcA YO-cTaOusM3aTOpbl, KOTOPbIe MOTYT JCHCTBOBATb CJICYFOUIMM OOpa3oM: 

— TIOrIOMaloT POTOXHMUNYECKH AKTHBHbIC KOMIIOHEHTHI COJIHCYHOLO CBeTA; 

— JlCaKTHBUPYIOT BO30y2KJICHHbIC MOJICKYJIbI, YXKe MOTIOTHBIIMe KBAHT CBeTA; 

— TOPMO3AT TEMHOBBIe peakIMH, HHYUMpOBaHHble CBETOM; 

— pa3pyllaloT WIM JeaKTHBUpyrOT (OTOXUMNYECKH AKTHBHBIe IIPHMeCcH U TpOAyKTbI PoTopeakunH [4, 5]. 

B xayectBe Y@-cTaOusM3aTOPOB NOJIMMePpOB LWIMPOKO IIPHMeCHAIOTCA IIPOCTpaHCTBeCHHO-3aTpyHeHHble (eHo- 
mbt (113M), mpoctpancTBeHHO-3aTpyHeHHble aMuHbI ([13A) u HUTpPOKCHIBHbIe payuKaspl (HP) [6, 7]. [3 nevcTByroT 
KaK areHTbI OOpbiBa pacTylmlen wenn. [lockombky npHcoeyqMHeHHe NOABMXKHOTO aTOMa BOAOPONa K NepBU4HbIM pasu- 
Kalam (OTOJIM3a MOJMMepOB ABJIACTCA OKMCIMTeIbHOM peakitvel, CaMU CTaOHIIM3AaTOPbI pW ITOM JICrKO OKUCIIALOT- 
ca [3]. II3A npu dotogzectpykunu oOpa3yroT cTaOusbHbie HP, B3anMoyecTByIOMIMe C aIKWJIbHbIMU payuKasaMu T10- 
JIMMepOB, 4TO IPHBOAMT K OOpbIBy Len PoToyecTpyKuMH [2]. 

[lembio padOoTbI ABJIACTCA CPaBHUTeJIbHBIM aHasM3 CoeyMHeHHH u3 pana II3M u HP B kayecTBe HHTHOUTOPOB 
(boroyectpykunu TIM. 

Matepnasbi 4 MeTospl. Jia vccieqOBaHHA UCHOJb30BaIN PeaKTHBbI KBaIM@uKalun «4 Pupmpr Aldrich, 
IICHKY 43 WONMITUeHAa BEICOKOrO AaBeHuaA (IISBJI 15803-020, TOCT 16.337-77) TonmmHon 0,2 mM. CraOunn3aTo- 
PbI POTOOKUNCIMTeEIbHOK JeECTpyKIMH COesMHeHHA: 

— w3 paga HP —  3-KapOoxcamuyo-2,2,5,5-retpamMeTummMppomMH-l-oxcum (1), 4-aljeTumamuHo-2,2,6,6- 
TeTpamMeTusmMnepuyHH- 1 -oKcus (2); 
— w3 paga II3@ — 2-mernn-4,6-qu-Tpet-OytTuidenor (3) u 2,4,6-Tpu-Tpet-amus-denos (4). 

IloqroToBKy MOBepXHOCTH MJICHKH JI HAHECCHHA PACTBOPOB CTAOVIM3aTOPOB NPOBOAMIN CieXyIOWMM OOpa- 
30M: OOpa3libI pasMepom 5X5 cM 3akpelJiAJIM B KacceTe, He NOBpexkad padouyro YacTb OOpa3ila, IPOMBIBaJIN B TeIMJIOW 
BOJe, IPOMOKasIN XIOMYaTOOyYMaxKHOU TKaHbIO, 0OeC32%KUPUBAaJIN B alleTOHe HW B TeYeHHe TpexX MUHYT CYIIMIIM Ha BO3y- 
Xe lIpu Temiepatype 20—25 ne: 

J[sif TpUroTOBIICHHA pacTBOpOB cTaOuIH3aTOpOB B 12 MepHbIx KOO emKocTB1O 100 Mi HamuBanM m0 50 Mi 
TONyoNa HU WOOaBsIAIM cTaOunH3aToppI (1-4) mo 0,01; 0,005; 0,0025 Monb. 3aTem coyzepxuMOe KOO TOBOTHIM JO MeT- 
KM pacTBoputesiem. Ilosy4eHHble pacTBOpbI UCMONb30BaIIN JIA OOPaOOTKH OOpPa3I[OB MJICHKU. 

IlonroToBieHHy!lo0 mieHky Ha 30—40 MuH OKyHasIM B CTaKaH C pacTBOpoM YQO-ctaOusn3aTopa [8, 9] HyKHO 
KOHI[CHTpalluu. 3aTemM OOpa3ell H3BJIeKaJIM M3 pacTBOpa HW 3—5 MMH BbIAepxKUBAaIIN Haj, CTakKaHOM, YTOOBI U3O0bITOK pac- 
TBOpa CTeK Cc OOpaboTaHHOH MOBepXHOcTH. OOpa3ell MOJIHOCTBIO BBICYIMIMBAJIN B TOJBeIICHHOM COCTOAHHH. 

J[na KaxkOW KOHIeHTpallun pacTBopa cTaOusM3aTopa UCHBITHIBaIH 10 5 OOpa3i0B WIeHKH. B WeOM OBIJIO 
ucnbiTaHo 120 oOpa3i0B: 60 lITyK — B eCTeCTBeHHbIX YCJIOBHAX HW CTOJIbKO 2#Ke — B WCKYCCTBCHHO CO3J[aHHBIX. 
10 KOHTpOJIbHBIX OOpa3l10B (KO) He oOpaOaTbIBaIMch CTaOuIM3aTOpaMH. 

Ilocne mpoBeyeHua UcibITaHu Obi cHaATbI MK-crieKTpbl KOHTPOJIbHBIX WH IKCICPHMCHTAJIbHBIX OOPa3IOB. 
VUK-cnektpockonua olpesemusa coyepxkanue B OOpa3lax KapOOHMJIbHBIX rpyum [10, 11]. UK-cnexrpsi peructpuposa- 
mM Ha IpHoOope Varian 640. 
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Pe3yJIbTaTbI HUCCeOBaHHA. HanOosee TOCTOBepHbIM MeTOJOM OllpeyzeueHua crouKocTu IIM k Bo3eHCTBHIO 
YQ spBiaAroTca HaTypHble UcibITaHHA. JIA COKpallleHHA CPOKOB 9KCIICPHMeHTAa IIPHMCHAIOT YCKOPeHHBIe UCIIbITAHHA B 
naOopaTOpHbIx ycuOBuAX. OOpa3iibl noABepramM doTozectpykuun c YO-cTabuM3aTopoM (coesqnHeHUuA (1—4)) u Oe3 
Hero. IIpu 9TOM Ha OOpa3libI BO3JEHCTBOBAIIN: 
—B TeyeHue 365 Hel eCTeCTBeHHbIN UCTOUHUK YO-jy4yen — couHie (HaTypHble UcibITaHHA CormacHo TOCT 9.708- 
83); 
— B TeyeHve 504 yacoB UCKycCTBeHHBIM UCTOUHHK YO-jyyei — KCeCHOHOBAaA JIaMMa (IWIOTHOCTbh MOTOKa YO- 
v3iyseHua 68 Br/M’ B uHTepBaste WMH BomH 300-400 um, FOCT 9.708-83). 

Vi3BecTHO, 4TO B Iponecce doToxectpykuMu MeToyoM MWK-ciextpockonun B oOpa3uax IIM duKkcupyetca 
HakOMJIeHHe KapOOHUJIbHBIX HU THAPOKCWJIbHBIX rpyn [1, 12]. Ho Berxoy rHApOKCHIIBHbIX py B HECKOJIBKO JIECATKOB 
pa3 MeHbIlIe, YeEM KapOOHMIbHBIX [12], MOITOMY CKOPOCTb UH CTeMeHb ACCTPyKUMU NOWMMepa onpeyesAeTCA KOHIICH- 
TpalMei KapOOHMJIBHBIX Ppynll MO COOTBETCTBYIOLIMM MouocaM norsomjenuad B MK-cnextpe [10]. 

AvasIuTHMyeckoe mpusoxwxeHve MK-cnekTpockonMn K ompeyesIeHHtO CTeMeHH OKMCJICHHA MWICEHKH OCHOBaHO Ha 
pa3uH4Hu CHeKTpOB OOpadoTaHHOrO HM He OOpadoTaHHOrO (KOHTPOJbHOrO) OOpa3no0B. Ilocne YO-oOsyyenua B MK- 
chektpax nomuaTusena (IID) nosBmaetca nooca Hormomjenua KapOoHMIBHON rpynub! upu 1720 cm | (BasIeHTHBIe KO- 
neOaHua KapOOHHMIbHON rpynmbr C =O). Ora nowoca aABIAeTCA aHAIIMTM4eCKON JIA MpOBeeCHHA KOUMYeCTBEHHOTO 
aHasim3a. B MaKCHMyMe MOJIOCbI Norsomenua mpu 1720 cM | MeTowOM 6a30B0ii HHH onpejlesaIH 3HayeHue OMTHYe- 
CKOM MIOTHOCTH. PacyeTbI cOdepxKaHHA KAPOOHUJIbHbIX py B OOpa3zilax BbITIOJIHeHbI 10 H3BeCTHOKH MeToHKe [10]. 
Pe3yJIbTaTbI UCCIEOBaHHH pescTaBIeHbI B TaOw. | u 2. 


TaOmuia | 
* 
CojepxkaHve KapOOHMJIbHbIX py B OOpa3ilax MONMSTHIeHa , OOpadOoTAaHHbIX pacTBOpaMH CTAOUIM3AaTOPOR, 
Ip OOJyYYeHHH HCKYCCTBCHHbIM HCTOUHUKOM Y @M-ry4ueti — KCeHOHOBON Jamon 


KonljeHTpalua pacTBopa 
cTaOusIM3aTopa, 
MOJIb/JI 0,1 M 0,05 M 0,025 M 
HavumMeHosaHue 
cTaOnusM3aTopa 


CoyepxxaHue C = O rpynn, % 


3-KapOoKcamuyo-2,2,5,5-TeTpamMeTusI-NMpposHH- | - 
okcus (1) 

4-alleTuIaMuHo-2,2,6,6-TeTpamMeTHJI-nunepnyuH- | - 
okcu (2) 


OK 


KOHTpOJIbHBIN OOpa3ell 
* JO UclibITaHHi KapOOHWJIbHbIe Ipynlbl B OOpa3ile He OOHapy2KeHBI. 
**He oOpadaTbiBalicd PaCTBOPOM CTaOusH3aTOpa. 
Tadsuua 2 
Cogep»xanne KapOoHWIbHBIX rpylil B OOpa3iax NomMaTHIeHa , OOpaOoTAaHHBIX pacTBopaMH cTAaGHIM3aTOpPOR, 
Ip OOsy4eHHU ECTeECTBCHHbIM HCTOUHHKOM YO-sy4el — couHeM (Mepvoy oOsy4eHusa 365 WHel) 


KonljeHtTpauua pacTBopa 

cTaOusIM3aTopa, 

MOJIb/JI 
HavmenosaHnue 
cTaOnusM3aTopa 


Coyepxanue C = O rpynn, % 


0,016 


3-KapOoKcamuyo-2,2,5,5-TeTpamMeTHINUpposMH-| - 
okcu (1) 


4-alleTu1aMuHo-2,2,6,6-TeTpaMeTHJINMNepn AHH | - 0.021 
okcu (2) 


2-MeTUI-4,6-1H-TpeT-OyTusmeHos (3) 0,07 0,095 
24,6-mpurper-avmatenion 
Konpossiil panei 


* JO UcibITaHHH KapOOHUJIbHbIe Ipynibl B OOpa3ile He OOHapPy>2KeHBI. 


**He oOpadaTbiBalicad PaCTBOPOM CTaOusH3aTOpa. 
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Auamu3 MK-cnekTpos 1oKa3ail, YTO COJepxKaHve KapOOHUJIHbIX FPyll B KOHTPOJIbHbIX OOpa3zllax 3HAdHTeJIb- 
HO BbIlle, EM B OOpadoTaHHbIX. Ha puc. | npuBegzenpr MK-cnextpbi KO u oOpa3n0B, oOpadboTaHHbrx 0,025 M pactBo- 
pamu cTaOumM3aTopos (2) u (4) nocne OO yaeHHA UCKYCCTBCHHbIM HCTOUHHKOM YO-sry4eH. 





a a, a as 
4500 4000 3500 3000 2500 2000 1500 1000 


4000 3500 3000 2500 2000 1500 


4000 3500 3000 2500 2000 1500 1000 
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6) 
Puc. 1. UK-cnextpsi o6pa3i0B I19D-neHku: oOpadotaHHon 0,025 M pactBopom 4-aleTHaMuHo-2,2,6,6-TeTpamMeTuIMMNepuaHH- | - 
okcusia (2) (a); oOpadoraHHon 0,025 M pactBopom 2,4,6-Tpu-Tpet-amusdenoma (4) (6); KOHTPOJIbHBIM OOpa3ell (4). 
154 YpoBeHb NOTIOMeCHHA 10Ka3aH 110 MpaBoU BepTHKaJIbHOH IIKasle 
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Hauyano mpolecca Zectpykiuu B OOpa3ile, OOpadoTaHHOM II3® (4), xapakTepu3yeTca TosBaeHueM B MK- 
cneKTpe NoocbI Norsomjenua mpu 1720 cM ' He3HAUMTebHO MHTCHCHBHOCTH (puc. 1, 6). Takaa Tonoca NpakTHuecku 
OTCYTCTBYeT B OOpa3iie, OOpadoTAaHHOM cTaOuTIH3aTOpOM (2) u3 pata HP (puce. 1, a). CneqoBaTenbHo, BKIay, HP B Top- 
MO?KeHHE MpoUeccoB POTOACCTPYKUMU 3HA4NTeIbHO BbIe, 4em IT3Q. 

YQ-n3s1yyenne pa3spyuin0 KO. OO 3sTOM cBHeTesIbCTByeT 39¢MeKT HAKOIMJICHHA KAPOOHMJIBHbIX Fpy B OO- 
pa3ile, BbIPAKalOlMiicd B YBEMYCHHM MHTCHCUBHOCTH Hooch! Hormomenua upu 1720 cm ' (puc. 1, 8). 

C nomombro UK-cnektpockonuu moKa3aHo, YTO IpH YO-oonyyenun I1D-neHokK NponcxoAMT HakorJIeHHe 
KapOOHMWJIbBHBIX Tpylll, CBA3aHHOe C POTOMeCTpykKUMeH yruepowHbIx ene IID. Ha puc. 2 mpezcTaBmenbl KMHeTHYe- 
CKHe KpHBbIe HAKOIMWICHHA KAPOOHUWJIBHBIX Tpylll Ip UCKYCCTBCHHOM (OTOOKHCJICHHU MWICHOK B 3ABMCHMOCTH OT Bpe- 
MeHU OOsJTYYeHHA. 
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Puc. 2. 3aBHCHMOCTb CKOPOCTH HaKOIJICHHA KAPOOHUJIBHBIX Ppylill OT BPeMeHH UCKyccTBeHHOrO YO-obsy4eHnaA OOpa3i{oB, 
oOpaOotTaHHEIx: | — 0,025 M pactBopom 3-KapOokcamn0-2,2,5,5-TeTpameTHIMuppouMH-1-oKcnsia; 2 — 0,025 M pactBopom 
4-alleTusIaMuHo-2,2,6,6-TeTpaMeTHJINMNepHAMH- | -oKcusia; 3 — 0,025 M pactBopom 2-metu-4,6-qu-TpetT-OyTusmeHoma; 

4 — 0,025 M pactBopoom 2,4,6-Tpu-TpeT-amMusimeHosa; 5 — KOHTPOJIbHbIM OOpa3el, He OOpadaTHIBAalICA 


AHasIv3 MOJIYYCHHBIX JAHHBIX TWOKa3bIBaeT, YTO HP (1, 2) u I3® (3, 4) cymiecTBeHHo 3amMeatoT (POTOMHUILN- 
UpOBaHHY!0 OKUMCJIMTeIbHY!IO WecTpykKuut1o IID u yMeHbIUalOT KOJIM4YCCTBO pa3pbIBOB MaKpOMO,JIeKyJI. OO 3TOM cBHTe- 
TeJIBCTBYeT MOABJICHHe MHYKIMOHHOLO Nepnosla C yBeJIMYeHHeM BPeMeHH IKCHO3HIMH (CM. pc. 2). 

Ha HayasIbHOM 9Talle 9KCIIepHMeHTa OTMeYaIOTCA U3MeHeHHA B KO. [locremeHHo pacTeT KOHIeHTpallua Kap- 
OOHMJIbHBIX py B WJIeHKe, He OOpadoTaHHOW CTAaOUIH3aTOPOM. ITO CBA3aHO C YBeJIMYeCHHeM CKOPOCTH OKHCJIMTeIIb- 
HbIX TPOMeCccoOB, BEAYMIMX K Pa3pyMICHHIO CTPyKTYypbl yruiepoHbIXx Were IID uv oOpazs0BaHHtO HU3KOMOJICKYJIAPHBIX 
AKTHBHBIX KOMIOHECHTOB (pasMKaJIbHbIxX YacTHI). B oOpa3uax IID, oOpadoTaHHpix cTraOusM3aTopamn (1-4), u3MeHeHui 
He HaOmrojlaeTca. KapOoHHIbHble rpymbl PUKCHpyIOTCA IpuMepHo Yepe3 150 yacoB B OOpa3iax, OOpadoTaHHBIXx pac- 
TBOpamH II3® (3, 4); uepe3 220 uacon — B oOpa3iax, OOpadoTaHHbIx pacTBopamu HP (1, 2). CkopocTb HakomsieHHA 
KapOOHUJIbHbIX Tpylill JIMHeMHO pacteT B TedeHHe 150—200 yacos. Jlamee 3aBMCHMOCTb COXxpaHsAeTCA B TeYeHHe BCero 
pouecca PoTooKuceHUuA (710 504 yacos). 

VHayKUMOHHBIN TWepvoy B npucytcTBuu HP u II3M MoxerT ObITb OObACHEH CHOCOOHOCTHIO CTAOUIIM3aTOPOB 
(1-4) c nepBoro MOMeHTa KOJIMYeECTBEHHO yJIaBJIMBaTb payIMKaJIbl, B pe3yJIbTaTe Ha 9TOM 9Talle IIpolecc WecTpyKuMU 
unrnoupyetca. IIpu stom HP ObicTpo B3aMMOJeHCTBYIOT C AJIKWJIbHbIMM payuKaslaMu, pu yyacTuN WosuMMepa mpe- 
BpalllaloTCcA B THAPOKCHIAaMUHBI, CIOCOOHbIC BOCCTaHaBJINBaTb pawMKaIbHble YacTuLpl [6, 7, 12]. 113M moryr mpespa- 
IaTbCA B XMHOHBI WIM MOHO- U WH9dUpbI THAPOXUHOHOB [6], KOTOPble TaKXKe ABJIAFOTCA JIOBYIUKAMH JIA pay[MKasIbHbIx 
yacTull. 

OOpa3ubI, OOpadoTaHHbie HM He OOpadoTaHHble cTaOusM3aTOpaMH, OOIy4aIMCbh TakKxKe CCTECTBCHHbIM HCTOYU- 
HHKOM YO@-sryyei cormacHo TOCT 9.708-83 B TeueHue 365 aHe (cM. Tab. 2). KoHTpob NOKa3aTesIa ECTeECTBeEHHOrO 
(botooknceHua ITD naeHok mpopoguica 4epe3 1, 3, 6, 9 u 12 MecatieB (puc. 3). 
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Puc. 3. KoHTposib noka3aTesaA KOHIUeCHTpalluu KapOOHWJIbHBIX rpyn B OOpa3uax I1D-nenku, oOOpadotaHHon 0,025 M pactBopom 
craOnummu3aTopa (1-4) u KOHTpobHOrO OOpa3ita (5) 


CpaBHeHve oOpa3il0B, OOpadotaHHbpIx HP (1, 2) H3®@ (3, 4), no3BomM10 OTMeTHTh Cie YIOMIMe pe3yJIbTATHI: B 
IlepBOM CJly4ae KOHICHTpalua KaPOOHWJIbHBIX pylill MOBBIMMAeTCA HECYIeCCTBeCHHO, BO BTOPOM CJly4ae cojepKaHue 
KapOOHWJIbHBIX Tpyll Ha MopsqOK Bbite. B KO 3Ha4uTesIbHbIM POCT KOHICHTpalluH KapOOHMWJIbHbIX rpynn PuKcupo- 
Basica Yepe3 | MecaAIl. 

CreytyeT TakK2Ke OTMETHTh, 4TO B IIpomecce ucipITaHun KO [1D-meHku cTaHOBMJIMCh XpylIKUMH, a 10 OKOH- 
YaHHU IKCMePUMeHTA pa3pyllasIHCch, B OTIM4Ne OT OOPa3ll0B, OOpadoTaHHbIX PacTBOpaMH CTAOMIM3ATOPOB. 

OOdcy2xKeHHe H 3aKIOUeHHA. YCTaHOBJICHO, YTO JIYYIUIMMU MOTOCTAOMIH3aTOpaMH MOMMITUIICHA ABJIAFOTCA 
HUTPOKCHJIbHbIe §=pauKasbl. He oOHapyxeHa cCyIIIeCTBeCHHad pa3Hulla MexKTY palukalamMu psa 2,2,6,6- 
TeTpaMeTHWImunepusMHa U 2,2,5,5-retpameTummuppomuHa. II3M B ycnOoBUAX MOTOeCTPyKIMH OKa3bIBaKOT MeHbILIee 
cTaOMIM3upyrolliee BIMAHHe, YCTyad HATPOKCHJIbHbIM payukasiaM. MVnrudupyroiiee wevictBue HP u I13@ cpa3ano c 
UX CIIOCOOHOCTBIO B3AaMMOJCHCTBOBATb C PayMKaIbHbIMH YacTHIaMu, OOpa3sylOWMMUCA B pesylIbTaTe (POTOAeCCTpyKIUMU 
TouIMMepa. 

UciribiraHHbie coequHeHua “3 Kiacca HP sdekTHBHO 3aMeJJIAIOT TIpOlecc MPOTOOKUCIIMTeIbHOH JeCTpyKUMU 
UM MOLYT OBITb PCKOMCHJOBAHBI JIA MCMOJIb3OBAHUA B KAYeCTBE CTAOMIM3ATOPOB MOJIMMepoB. 
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